The synthetic polyribonucleotides adenylic acid (poly A), uridylic acid (poly U), cytidylic acid (poly C), and inosinic acid (poly I), whether single-or double-stranded (poly A:U, poly I:C), cannot replace mycobacterial ribonucleic acid (RNA) in the production of a high immune response in CF-1 mice against tuberculous disease. Mycobacterial RNA prepared with ethyl alcohol and partially degraded with ribonuclease had a significantly lower immunogenic activity, and the original higher immune response was not restored by the addition of poly A:U. (v) Mycobacterial RNA totally degraded by weak alkali was not immunogenic, the original immunogenic activity was not restored by the addition of poly A:U or poly I:C, and FIA again did not influence the results. These findings suggest that (i) protein, polypeptides, or other antigenic fragments, if present, are not the specific immunogens; and (ii) mycobacterial RNA is responsible for the high immunogenic activity of mycobacterial ribosomal and RNA preparations. In addition, since the double-stranded forms of these synthetic polynucleotides markedly potentiate the formation of circulating antibodies, these results also reemphasize the lack of correlation between conventional antibody formation and immunity against tuberculosis.
The synthetic polyribonucleotides adenylic acid (poly A), uridylic acid (poly U), cytidylic acid (poly C), and inosinic acid (poly I), whether single-or double-stranded (poly A:U, poly I:C), cannot replace mycobacterial ribonucleic acid (RNA) in the production of a high immune response in CF-1 mice against tuberculous disease. These conclusions are based on the results of several types of experiments. (i) Poly A and poly U, used either singly or in combination, did not increase the immunogenicity of mycobacterial RNA preparations whether emulsified in Freund's incomplete adjuvant (FIA) or not emulsified. (ii) Mycobacterial ribosomal protein, extracted with 2-chloroethanol, was not immunogenic; the addition of poly A:U to the protein did not produce an immune response and FIA did not affect these results. (iii) The RNA left after the protein was extracted was partially immunogenic when emulsified in FIA even though it was partially degraded. (iv) Mycobacterial RNA prepared with ethyl alcohol and partially degraded with ribonuclease had a significantly lower immunogenic activity, and the original higher immune response was not restored by the addition of poly A:U. (v) Mycobacterial RNA totally degraded by weak alkali was not immunogenic, the original immunogenic activity was not restored by the addition of poly A:U or poly I:C, and FIA again did not influence the results. These findings suggest that (i) protein, polypeptides, or other antigenic fragments, if present, are not the specific immunogens; and (ii) mycobacterial RNA is responsible for the high immunogenic activity of mycobacterial ribosomal and RNA preparations. In addition, since the double-stranded forms of these synthetic polynucleotides markedly potentiate the formation of circulating antibodies, these results also reemphasize the lack of correlation between conventional antibody formation and immunity against tuberculosis.
We have shown that mycobacterial ribosomal and ribonucleic acid (RNA) preparations obtained from the viable attenuated H37Ra cells of Mycobacterium tuberculosis can induce an immune response in mice against experimental tuberculosis which is similar to that obtained with the cells from which they are prepared (25, 28 Methods used for the preparation of mycobacterial ribosomes and RNA from viable cells of the attenuated strain of M. tuberculosis H37Ra have been given in detail elsewhere (25) . Certain of the preparations were incorporated into Freund's incomplete adjuvant (FIA) by using the procedures reported earlier (24) . The manner in which the synthetic polyribonucleotides were added to the preparations is given with the results.
Complex formation when poly A and poly U, or polyinosinic acid (poly I) and polycytidylic acid (poly C), were mixed was shown by a marked increase in viscosity and by the hypochromic effect at 260 nm, both of which occurred almost immediately after mixing. These criteria have been detailed by Rich and Davies (19) , Davies and Rich (6) , and Felsenfeld and Rich (7) . Thirty CF-I male mice were vaccinated intraperitoneally with each dose and challenged 4 weeks later with 1.0 mg (moist weight) of a fine suspension of the highly virulent H37Rv strain of M. tuberculosis. The experiments were terminated at 30 days since most of the control nonvaccinated mice were dead by this time, and the per cent of mice surviving was determined. This had been shown to be directly related to the degree of immunity (27) . The preparation of the H37Rv suspension and the evaluation of the results have been given elsewhere (27) . Statistical determinations of the significance of differences between groups of mice were made by the chi square test.
Protein was determined by the method of Lowry et al. (15) by using crystalline bovine albumin as the standard; RNA was measured by absorbance at 260 nm and by the orcinol reaction of Dische (1) with mycobacterial RNA as the standard.
RESULTS
Initially, poly A and poly U were mixed both singly and together with portions of mycobacterial RNA. The amount of the two polynucleotides used was 300 ,ug per mouse (13) . When the two were mixed together, 150 ,ug of each was used. In these experiments, the polynucleotides were The combined results of several such experiments are shown in Table 1 . The mycobacterial RNA in FIA induced a good immune response; without adjuvant it was inactive. Neither poly A, poly U, or the two mixed together increased the immune response to mycobacterial RNA when given in FIA, nor did these polynucleotides, either singly or together, substitute for FIA.
To assess more directly the roles of both RNA and protein in the induction of the immune response, protein was extracted from mycobacterial ribosomes by using 2-chloroethanol as described by Fogel and Sypherd (9) . The ribosomal protein preparations contained no RNA detectable by the orcinol reaction (1). However, the RNA from which the protein had been separated contained traces of protein (15) . Table 2 shows the combined data from three experiments with these preparations of ribosomal Portions of protein at this dose level were mixed with poly A: U (300 ,ug per mouse) at 37 C for 10 min, and this mixture was injected intraperitoneally into mice with and without FIA. Protein was treated with crystalline trypsin (0.05 mg per mg of protein) at room temperature for 30 min. No protein could be detected chemically after this treatment. To this preparation was added the mixture of poly A: U and these were incorporated into FIA.
The data in Table 2 reveal that ribosomal protein, regardless of the manner in which it was administered to the mice, engendered no significant immune response. Neither FIA nor poly A:U reversed this lack of capacity of ribosomal protein to stimulate an increased resistance to tuberculous infection in mice. This lack of immunizing activity was in marked contrast to the potency of the ribosomal fraction from which it was prepared. The RNA which remained after the protein had been removed was also immunogenic, although less so than the original ribosomal fraction. However, the increase in hyperchromicity of this RNA was found to be only 27%,O indicating that some degradation had occurred during the process of extraction of the protein. Therefore, a decrease in immunizing power would be expected (25) .
Mycobacterial RNA prepared from a ribosomal fraction by the alcohol extraction method of Crestfield et al. (5) was heated at 110 C for 7 to 8 min to bring about a separation of the RNA strands. This preparation was then immersed in ice to prevent reannealing of the strands. A portion of this material was treated with a very small amount of ribonuclease (0.1 jgg per 10 ,ug of RNA) for 30 min at room temperature. This treatment should hydrolyze single-stranded but not double-stranded RNA (11, 14, 22) . After this treatment, synthetic double-stranded polynucleotides were added in an attempt to render any non-RNA fragments immunogenic. These preparations were emulsified in FIA (Table 3 ). The heat treatment reduced the immunizing capacity. However, immunogenicity was not substantially reduced by the treatment with ribonuclease. It is clear, though, that poly A:U did not restore any of the lost immunizing power.
Mycobacterial RNA, prepared as described in the above paragraph, was hydrolyzed by the method described by Gottlieb (12) . Mycobacterial RNA treated in this manner was found to consist of only acid-soluble fragments, indicating complete hydrolysis of the RNA. Any non-RNA immunogenic fragments, if present, would have been released and would be in a condition to recombine with synthetic double-stranded polynucleotides. After neutralizing with HCl, poly A and poly U (total, 300 Mg per mouse; obtained from Miles Laboratories, Inc., Elkhart, Ind.) were added consecutively to appropriate amounts of the hydrolyzed preparation so that a doublestranded structure would form in the presence of any immunogenic fragments that might be present, thus facilitating combination with, or entrapment by, the double-stranded material. Poly I and poly C (obtained from Miles Laboratories, Inc.) were employed in a similar manner. In this regard, poly I:C has been reported to be more effective than poly A: U in the stimulation of interferon production (8, 20) . Table 4 shows the pooled results of several experiments in which mice were vaccinated with these preparations. The original untreated mycobacterial RNA was active, but hydrolysis with alkali completely destroyed its capacity to immunize mice. Neither poly A:U nor poly I:C restored the immunogenicity. DISCUSSION If the mycobacterial RNA in our immunizing preparations serves merely to promote the im-munogenicity of some other substance(s) present in small amounts in ribosomal or RNA preparations, then the synthetic polynucleotides should have restored or increased immunogenicity under one or more of the conditions employed in these experiments. This follows from the fact that poly A:U, for example, will increase the amount of antibody formed to antigens, will decrease the time required for the appearance of antibody (3, 4, 13, 16, 21) , and will promote antibody formation against trace amounts of antigen too small to induce antibody formation alone (2, 10, 12, 13, 17) . However, such reasoning may be valid only if immunity to tuberculosis is mediated by circulating antibody and this clearly is not the case (18) . However, these experiments do not rule out the possibility that some substance in our ribosomal and RNA preparations other than RNA may be involved in the immune response.
On the other hand, the constant association of high immunogenicity with the presence of mycobacterial RNA (23, 25) , the dependence of immunogenicity upon lack of degradation of the RNA (25) , the association of immunizing power with double strandedness of the RNA (26) , and the failure of synthetic double-stranded polynucleotides to substitute for mycobacterial RNA suggest that mycobacterial RNA is essential for the induction of immunity.
